Abstract. The half wave rectifier with a capacitor filter circuit is a typically non-linear case of study. It requires a hard work to solve it on analytic form. The main reason is due to the fact that the output voltage comes alternatively from the source and from the capacitor. This study describes a novel intelligent model to obtain the time when the changes of the sources occur. For the operation range, a large set of work points are calculated to create the dataset. To achieve the final solution, several simple regression methods have been tested. The novel model is verified empirically by using CAD software to simulate electronic circuits and by analytical methods. The novel model allows to obtain good results in all the operating range.
Introduction
Since semiconductors emerge in electronic field, one of the most researched circuits has been the rectifier. It is well-known that the function of the rectifiers, in general terms, is to obtain a continuous signal from an alternate signal [1] . These circuits are very common in applications like DC power supplies [2] , peak signal detectors [3] , and so on.
The basic rectifier is one of the most traditional circuits to learn electronic in the first courses [4] . Despite this, this type of schema could be not easy to solve and obtain its parameters. Fundamentally, the difficulty depends on: the number of phases of the source, the characteristics of the load and if it is controlled or a not controlled type [1] .
A more specific example of this fact is the half wave rectifier with a capacitor filter. Due to the capacitive component added to a resistive load, the voltage has a less ripple wave [1] . Then the output voltage comes alternatively froḿ the source and from the capacitor [2] . The main problem is to know the time where the diode is in conduction (source provides the power to the load) or not (capacitor provides the power) [2] . As would be seen in the 'Case of study' section, this type of rectifier is not easy to solve in analytical form, due to the non-linear nature of its topology [3] .
The knowledge of experts is used to create rule based systems models [5, 6] . Human experts extract rules from a system operation and then they structure it according to the system performance [5] . These methods allow to develop models to emulate the expert's behavior in a certain field [5, 7] , and have been one of the most used methods in both research and operation [7] .
The traditional regression methods are based on Multiple Regression Analysis (MRA) methods [8] . MRA-based methods are very popular among others because of their applications in many different fields [9, 10] . It is well-known that these methods have limitations [8, 11] . With the aim of solving these limitations, regression methods based on Soft Computing techniques have been proposed [12] [13] [14] [15] [16] [17] . Taking into account this fact, a novel approach is proposed in this research. Therefore a novel Intelligent Model has been developed based on rules and Soft Computing techniques. The model allows obtaining the angles where a diode is conducting or not on the half wave rectifier with a capacitor filter circuit. Many Soft Computing techniques [18] have been tested in order to obtain the best fitness of the created model.
The rest of the paper is organized as follows: section 2 presents a brief description of the half wave rectifier with a capacitor filter is exposed. Then, the novel approach is presented in section 2.2. Section 3 describes the data set to achieve the model, and the intelligent regression techniques tested in this study to complement the experimental rule-based system. The results for the tested methods are described in section 4; and conclusions and future works are exposed at the end of the paper.
Case of Study

Half Wave Rectifier with a Capacitor Filter Circuit
The half wave rectifier with a capacitor filter circuit is shown in figure 1 . The resistance R in parallel with capacitor filter C is fed for the voltage source V via diode D. The purpose of the capacitor is to reduce the variation in the output voltage, making it more like DC P ower. The resistance represents a load and the capacitor represents a filter which is part of the rectifier circuit.
As the source decreases after the sinusoid peak, the capacitor discharges into the load resistor. Just at the same point, the voltage of the source becomes less than the output voltage, then the diode turns off, and the output voltage is a decaying exponential. The point where the diode turns off (ωt = θ) is determined by comparing the rates of change of the source and the capacitor voltages (figure 2). The angle, at which the diode turns on in the second period (ωt = 2π + α), is the point where the sinusoidal source reaches the same value as the decaying
